SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor 
device formed with transistors each having a plurality of 
electrodes. 

Description of the Background Art 

Fig. 14 is a plan view of a conventional 
semiconductor chip on which a plurality of field effect 
transistors (FETs) are formed, . and shows an electrode 
arrangement of FETs formed on the semiconductor chip. Fig. 
15 is a sectional view of the semiconductor chip when 
viewed from the side. 

As shown in Fig. 14, gate electrodes 5, drain 
electrodes 6 and source electrodes 7 of FETs are arranged 
on a semiconductor substrate 1. . The gate electrode 5, 
drain electrode 6 and source electrode 7 are connected to a 
gate pad 2, drain pad 3 and source pad 4, respectively. 
The gate pad 2 and source pad 4 are alternately arranged as 
shown in Fig. 14. A via hole 9 is formed in the source pad 
4. 

As shown in Fig. 15, the via hole 9 is formed in 
the semiconductor substrate 1 and under the source pad 4. 
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The via hole 9 is connected to a heat sink 10 attached on a 
grounded back plane of the semiconductor substrate 1. Thus, 
the source electrode 7 is grounded through the source pad 4 
and the via hole 9. 
5 These semiconductor chips are die-bonded on a 

substrate of a package by AuSn solder or the like. The 
gate pad 2 and drain pad 3 are connected to a lead section 
of the package through a printed board and so on via wire 
bonding. This forms a DC signal line and an RF signal line. 

10 In the conventional semiconductor chip described 

above, since the source electrodes 4 are grounded by using 
• the back plane heat sink 10, the via hole 9 for 
electrically connecting the source electrode to the heat 
sink 10 must be formed in the semiconductor substrate 1 as 

15 shown in Fig. 15, thus to make a structure and 
manufacturing . process of the semiconductor chip more 
complex. 

Further since the source pads 4 for forming the 
via holes 9 must be formed on the front plane of the 

20 semiconductor chip, the gate pads 2 and source pads 4 have 
to be alternately arranged. Hence, every gate pad 2 must 
be wire-bonded and therefore the assembly process become 
complex and the characteristics caused by variation of 
wire-bonding lengths is degraded. 

25 As shown in Fig. 14, 10 to 20 source electrodes 
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in an FET operating area 8 are grounded for one set via 
hole 9, and thus a gain is decreased with an increase in 
source inductance (Ls) in a high-frequency band higher than 
10 GHz. 

5 In addition, as shown in Fig. 16, when a 

semiconductor chip is die-bonded to the substrate of a 
package by an AuSn solder in assembly of a device, camber 
occurs due to a difference of thermal expansions between 
the semiconductor substrate 1 and the back plane heat sink 
10 10, the thickness of solder on- each end of the 
semiconductor chip increases, and the heat resistance of 
the device disadvantageously increases. 

SUMMARY OF THE INVENTION 

15 The present invention has been made to solve the 

above problem, and has its object to provide a 
semiconductor device which can simplify the structure of 
the semiconductor device to easily realize the facility of 
the manufacturing process. It is another object of the 

20 present invention to provide a semiconductor device which 
can suppresses the occurrence of camber in a die-bonding 
process for a semiconductor chip. 

In the first aspect of the invention, provided is 
a- semiconductor device on which a plurality of 

25 semiconductor elements each having first and second main 
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electrodes and a control electrode are arranged. A 
semiconductor substrate has one principal plane on which 
the first and second main electrodes and the control 
electrode are formed. A film is formed over the first main 
5 electrode and the control electrode so as to insulate the 
first main electrode and the control electrode from the 
second main electrode, and is made of polymer material with 
a low dielectric constant. A chip surface electrode is 
formed, over the film and the second main electrode and 
10 connected to a ground potential . The second main electrode 
is provided with the ground potential through the chip 

surface electrode. 

In the first semiconductor device, a first pad 
connected to the first electrode and a second pad connected 
15 to the second electrode may be formed on a principal plane 
on the opposite side of the principal plane on which the 
electrodes of the semiconductor substrate are formed. 
Further, the semiconductor substrate may be made from SiC 
or sapphire. 

20 In the second aspect of the invention, provided 

is a semiconductor device on which a plurality of 
semiconductor elements each having first and second main 
electrodes and a control electrode are arranged. A 
semiconductor substrate has one principal plane on which 

25 the first and second main electrodes and the control 
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electrodes are formed. A protecting film is formed over 
the first and second main electrodes and the control 
electrodes, and made of polymer material with a low 

dielectric constant. 

In the third aspect of the invention, provided is 
a semiconductor device on which a plurality of 
semiconductor elements each having first and second main 
electrodes and a control electrode are arranged. A 
semiconductor substrate has one principal plane on which 
the first and second main electrodes and the control 
electrodes are formed. A metal layer is formed on a 
principal plane on the opposite side of the principal plane 
of the semiconductor substrate, and is grounded. A film is 
formed over the first and second main electrodes and the 
15 control electrodes, and is made of polymer material with a 
low dielectric constant. A surface layer is formed on the 
film made of polymer material with a low dielectric 
constant, and is made of the same material as that of the 

grounded metal layer. 

In the third semiconductor device, the surface 
layer may be electrically connected to the grounded metal 
layer. . 

According to the present invention, unlike a 
prior art, since via holes need not be formed in a 
25 semiconductor substrate unlike a conventional semiconductor 
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substrate, a semiconductor chip structure can be simplified, 
and the chip manufacturing process can be simplified. 
Furthermore, according to the present invention, since 
camber in a die-bonding process for the semiconductor 
5 device can be reduced, an AuSn solder between a heat sink 
on the back plane of the chip and a package is uniformly 
formed to have a small thickness, and the heat resistance 
of the device can be reduced. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a sectional side view showing a 
structure of a semiconductor device according to the first 
embodiment of the present invention. 

Fig. IB is a partially enlarged view of a section 
15 of the semiconductor device according to the first 
embodiment . 

Fig. 2 is a top view of the structure of the 
semiconductor device according to the first embodiment of 
the present invention. 
20 Fig. 3 is a top view showing a layout pattern of 

semiconductor device according to the second embodiment of 
the present invention. 

Fig. 4 is a layout pattern view of the 
semiconductor device according to the second embodiment, 
25 which is viewed from the bottom side of the semiconductor 



7 



device . 

Fig. 5 is a sectional view of the semiconductor 
device cut along A- A 1 line in Fig. 3. 

Fig. 6 is a sectional view of the semiconductor 
5 device cut along B-B 1 line in Fig. 3. 

Fig. 7 is a layout pattern view showing a 
semiconductor device according to the third embodiment of. 
the present invention. 

Fig. 8 is a sectional side view showing the 
10 semiconductor device of the third embodiment. 

Fig. 9 is a view for explaining a manner in which 
the front plane of a semiconductor chip is pressed by using 
a chip handling collet 16. 

Fig. 10 is a top view showing a layout pattern of 
15 the semiconductor device according to the fourth embodiment 
of the present invention. 

Fig. 11 is a sectional side view showing the 
semiconductor device of the fourth, embodiment of the 
present invention. 
20 Fig. 12 is a top view showing a layout pattern of 

semiconductor device according to the fifth embodiment of 
the present invention. 

Fig. 13 is a sectional side view showing the 
semiconductor device of the fifth embodiment of the present 
25 invention. 
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Fig. 14 is a plan view of a conventional 
semiconductor device (chip) on which electronic devices 
such as transistors are formed. . 

Fig. 15 is a sectional side view showing a 
5 conventional semiconductor device (chip) . 

Fig. 16 is a view for explaining occurrence of 
camber in a die-bonding process for a conventional 
semiconductor device (chip) . 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Semiconductor devices according to embodiments of 
the present invention will be described below with 
reference to the accompanying drawings. 

15 First Embodiment 

A semiconductor device according to the present 
invention has a plurality of field effect transistors 
(FETs) formed thereon. Fig. 1A is a sectional side view 
showing the structure of the semiconductor device according 

20 to the present invention. Fig. IB is a partially enlarged 
view of a section of the semiconductor device. Fig. 2 is a 
top view showing the structure of the semiconductor device 
of the present invention. 

As shown in Figs. 1 and 2, gate electrodes 5 

25 serving as control electrodes of FETs and drain electrodes 
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6 and source electrodes 7 serving as main electrodes of the 
FETs are arranged on a semiconductor substrate 1. The 
drain electrodes 6 and the source electrodes 7 are 
alternately arranged, and the gate electrodes 5 are 
5 arranged between the electrodes 6 and 7 . It shuold be 
noted that in Fig. 1A the gate electrodes 5 are omitted for 
the sake of visual convenience (as well as Fig. 8, Fig. 11, 
and the like) . In Fig. IB, a partially enlarged view of 
the section of the semiconductor device is shown for easily 
10 understanding an electrode arrangement. 

A heat sink 10 is provided on the back plane of 
the semiconductor substrate 1, and a chip surface ground 
electrode 12 is provided on the front plane of the 
semiconductor substrate 1. The heat sink 10 and the chip 
15 surface ground electrode 12 are both formed by Au plating. 

The heat sink 10 is grounded, and the chip surface ground 
electrode 12 is grounded through the heat sink 10. The 
. chip surface ground electrode 12 is. electrically connected 
to the source electrode 7 by a support section 13. Thus, 
the source electrode 7 is connected to the heat sink 10 
through the chip surface ground electrode 12 thus to be 
grounded. 

As shown in Fig. IB with the enlarged view, the 
gate electrode 5 is arranged between the drain electrode 6 
and source electrode 7. A film (low-dielectric-constant 
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polymer film) 11 which is made of polymer material with a 
low dielectric constant is formed between the adjacent 
source electrodes 7 to cover the gate and drain electrodes 
5 and 6. In this case, the low-dielectric-constant polymer 
material may preferably be polymer material with a 
dielectric constant of 4 or less (more preferably, 3 or 
less), and includes, for example, BCB (Benzo Cyclo Butene) 
or a polyimide-based material . The low-dielectric-constant 
polymer film 11 insulates the chip surface ground electrode 
12 from the gate and drain electrodes 5 and 6, and 
electrically connects the chip surface ground electrode 12 
only to the source electrode 7 . 

As described above, since the source electrode 7 
is grounded through the chip surface ground electrode 12 
connected to the heat sink 10, via holes need not be formed 
in the semiconductor substrate 1 unlike a conventional 
semiconductor device. Since the via holes need not be 
formed, the semiconductor chip structure can be simplified, 
and a manufacturing process of the chip can become simple. 
In addition, source pads need not be arranged on the 
semiconductor substrate 1, that is, the chip surface. 

As shown in Fig. 2, a gate pad 2 connected to the 
gate electrodes 5 and a drain pad 3 connected to the drain 
electrodes 6 are formed on the semiconductor substrate 1. 
In a prior art shown in Fig. 14, a plurality of gate pads 2 
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are formed to interpose a source pad 4. However, according 
to this embodiment, since the source pad 4 need not be 
formed on the chip surface, as shown in Fig. 2, one 
landscape gate pad 2 can be formed to make it possible to 
5 simplify the shape of the gate pad. 

In the prior art, a plurality of gate pads have 
to be wire-bonded, respectively. On the contrary, 

according to this embodiment, only one gate pad may be used, 
and thus wire-bonding to each gate pad is not needed and it 
10 is possible to facilitate connection of one gate pad to an 
alignment substrate by using a tag tape or the like. Hence, 
the manufacturing process can be simplified, and 
characteristic deterioration due to variation of wire- 
bonding lengths can be suppressed. In addition, since the 
15 source electrode 7 in an operating area 8 of the transistor 
can be directly connected to the chip surface ground 
electrode 12 and grounded, a source inductance can be made 
smaller than that in the conventional structure in which a 
source electrode is grounded through a via hole. This can 
20 achieve a high gain in a high-frequency band in particular 

higher than 100 GHz. 

As the material of the semiconductor substrate 1, 
SiC or sapphire is preferable because a high output 
semiconductor device can be easily manufactured with these 
25 materials. Although these materials are. used to form a 



GaN-based device, since they are very hard materials, it 
was difficult to apply the materials to a conventional 
semiconductor device in which via holes must be formed in a 
semiconductor substrate by etching. However, according to 
the structure of the semiconductor device shown in Figs. 1 
and 2, SiC or sapphire can be used as the material of the 
semiconductor substrate since via holes need not be formed. 

Second Embodiment 

A semiconductor device according to another 
embodiment of the present invention will be described below 
with reference to Figs. 3 to 6 . Fig. 3 shows a layout 
pattern obtained when the semiconductor device of this 
embodiment is viewed from the top. Fig. 4 shows a layout 
pattern obtained when the semiconductor device is viewed 
from the bottom. Fig. 5 is a sectional view of the 
semiconductor device cut along A- A' line in Fig. 3. Fig. 6 
is a sectional view of the semiconductor device cut along 

B-B ' line in Fig. 3 . 

In this embodiment, as in the first embodiment, 
as shown in Fig. 5, source electrodes 7 formed on a 
semiconductor substrate 1" are connected to a chip surface 
ground electrode 12 through support sections 13, so that 
the same effect as that of the first embodiment can be 
obtained. 
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As shown in Fig. 3, gate and drain pads 2 and 3 
are provided on the semiconductor substrate 1. The gate 
and drain pads 2 and 3 are not only formed on the front 
plane of the semiconductor substrate 1, but also, as shown 
5 in Figs. 4 and 6, formed to extend from the front plane of 
the semiconductor substrate 1 to a part of the back plane 
along the side surface. 

Fig. 4 also shows gate electrodes 5, drain 
electrodes 6, and source electrodes 7 formed on one 

10 principal plane of the semiconductor substrate 1. As shown 
in Fig. 4, in this embodiment, the electrodes 5, 6 and 7 
are formed on the plane (lower principal plane of the 
semiconductor substrate 1 in Fig. 6) that is on the 
opposite side of the front plane (upper . principal plane of 

15 the semiconductor substrate 1 in Fig. 6) of the 
semiconductor substrate 1 on which the gate and drain pads 
2 and 3 are mainly formed. 

In this manner, since the gate and drain pads. 2 
and 3 are formed on a principal plane different from a 

20 principal plane having the operating area 8 in which the 
electrodes 5 to 7 are formed, the entire area of the 
principal planes of the semiconductor substrate 1 can be 
reduced while sufficiently securing an area required for 
providing the gate and drain pads 2 and 3, and the chip 

25 area can be reduced. More specifically, in case that the 
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operating area 8 and the pads 2 and 3 are formed on the 
same plane of the semiconductor substrate 1, the area of 
one principal plane on the semiconductor substrate 1 must 
be larger than at least an area obtained by adding the area 
of the operating area 8 and the area of the pads 2 and 3. 
In this embodiment, the operating area 8 and the pads 2 and 
3 are formed on the different principal plane, and thus it 
is possible to reduce the area of the one principal plane. 

In the semiconductor device according to this 
embodiment, the operating area 8 is provided downward so 
that heat is radiated through the chip surface ground 
electrode 12. Thus, the semiconductor substrate 1 need not 
be reduced in thickness, and the manufacturing process of 
the back plane of the semiconductor substrate 1 can be more 
simplified. 

Also in this embodiment, SiC or sapphire may be 
used as the material of the semiconductor substrate. 

Third Embodiment 

In this embodiment, a semiconductor device which 
can prevent camber in a die-bonding process will be 
described below with reference to Figs. 7 and 8. Fig. 7 
shows a layout pattern of the semiconductor device 
according to this embodiment. Fig. 8 is a sectional side 
view of the semiconductor device. As shown in Fig. 8, in 
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this embodiment, a protecting film 11a which is made of 
polymer material with a low dielectric constant is formed 
on a principal plane on which electrodes 5, 6 and 7 on a 
semiconductor substrate 1 are formed. 
5 Hence, since the protecting film 11a made of the 

low-dielectric-constant polymer material is formed, it 
becomes possible to press the front plane of the chip by a 
chip handling collet 16 or the like in a die-bonding 
process as shown in . Fig: 9 so that camber occurring in a 
10 die-bonding process can be reduced. Due to the reduction 
in camber, an AuSn solder between a heat sink 10 and a 
package 15 on the back plane of the chip is uniformly 
formed to have a small thickness, and the heat resistance 
of the device can be reduced. 

15 

Fourth Embodiment 

Another configuration of the semiconductor device 

which can prevent camber in a die-bonding process will be 

described below with reference to Figs. 10 and 11. Fig. 10 
20 is a top view showing a layout pattern of the semiconductor 

device of this embodiment, and Fig. 11 is a sectional side 

view of the semiconductor device. 

In the semiconductor device according to this 

embodiment, a low-dielectric-constant polymer film 11 is 
25 formed to cover a gate and drain electrodes 5 and 6. A 
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chip surface plating layer 12a which is a metal layer 
obtained by Au plating is formed on the front planes of the 
low-dielectric-constant polymer films 11 and source 
electrodes 7. A heat sink 10 which is a metal layer by Au 
5 plating is formed on the back plane of the semiconductor 
substrate 1. 

As described above, in the semiconductor device 
according to -this embodiment, the chip surface plating 
layer 12a is formed on the front plane of the semiconductor 

10 substrate 1 and the heat sink 10 formed by the same Au 
plating as the chip surface plating layer 12a is formed on 
the back plane. The semiconductor substrate 1 has a 
structure to be sandwiched by the two Au plating layers. 
Thus, stress generated by the difference in the thermal 

15 expansions is moderated, so that camber can be reduced. 

The Au plating layer may be replaced with another metal 
plating layer. 
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Fifth Embodiment 

Still another configuration of the semiconductor 
device which can prevent camber in a die-bonding process 
will be described below with reference to Figs. 12 and 13. 
Fig. 12 is a top view showing a layout pattern of the 
semiconductor device according to this embodiment, and Fig. 
13 is a sectional side view showing the semiconductor 
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device. 

As shown in Fig. 13, in the semiconductor device 
according to this embodiment, a chip surface plating layer 
12b obtained by Au plating is formed on the front plane of 
a semiconductor substrate 1, and a heat sink 10 obtained by 
Au plating is formed on the back plane of the semiconductor 
substrate 1. In addition, the chip surface plating layer 
12b is formed to extend to the side wall of the 
semiconductor substrate 1 and to be connected to the heat 
sink 10 on the back plane. Thus, the electric contact 
between the heat sink 10 and the chip surface plating layer 
12b is established, and in addition to the effect of the 
semiconductor device according to the fourth embodiment, it 
becomes possible to reduce source inductance and heat 
resistance . 

Although the present invention has been described 
in connection with specified embodiments thereof, many 
other modifications, corrections and applications are 
apparent to those skilled in the art. Therefore, the 
present invention is not limited by the disclosure provided 
herein but limited only to the scope of the appended claims . 

The present disclosure relates to subject matter 
contained in Japanese Patent Application No. 2002-352573, 
filed on December 4, 2002, which is expressly incorporated 
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herein by reference in its entirety. 



